Atraumatic shoulder instability (ASI) which is almost always multidirectional, results due to minimal trauma. The redundant capsule leads to an increased glenohumeral joint volume resulting in the instability. The multifactorial etiology has hindered a universally accepted breakthrough in the management plan for such cases. The initial treatment is recommended to be conservative with surgery advised for patients with rehabilitation failure. We review the pathophysiology, clinical assessment, and management strategies of ASI in this article.
Introduction
ASI isas a condition where the dislocation occurs in multiple directions with insignificant trauma [1] . There are three such types; antero-inferior, postero-inferior and global [1] . Another form of classification is based on the acronyms as in TUBS (traumatic, unilateral, Bankart lesion, surgery) and AMBRI (atraumatic multidirectional, bilateral, rehabilitation, inferior capsular shift) [2] . The criticism with this classification was that it failed to separate instability from hyperlaxity and also failed to identify the severity of trauma causing either of the two forms [2] . A classification system developed in 2002, divided the dynamic instability into unidirectional or multidirectional, with or without hyperlaxity [3, 4] . The advantage it provided was that it helped in differentiating the types of ASI for whom the treatment protocols may vary [3, 4] The ASI is generally characterized by a redundant capsule with an excess of elastin in the capsular tissue [5, 6, 7] .The treatment for ASI remains controversial, although, the general consensus for initial treatment still remains conservative treatment with surgical options being contemplated only in failure of rehabilitation. Again, there is no clarity on the rate of patients requiring surgery [8, 9, 10] . In this review, we have tried to revisit the various modalities of this complex problem in order to ease the understanding for budding shoulder surgeons or physical therapists.
Pathophysiology
ASI is demonstrated by inferior instability with an additional anterior and/or posterior component [1, 11] . Although research has adequately demonstrated the relationship between repetitive episodes of instability with the presence of capsular laxity [12] , one study did allude to an existence of a developmental redundant anterior capsule as a possible cause [13] . Generalized ligamentous laxity is another known cause of ASI [14] . Studies have demonstrated an elongation of the cross-sectional areas in the capsule as well as a possibility of an underlying connective tissue REVIEW abnormality in patients with ASI [6, 15] . The scapular role in the development of ASI has been widely appreciated due to its influence on the glenoid position at rest and movement. The scapula at rest is in35 degrees of internal rotation (IR) and a variable frontal inclination [16, 17] . An increase in the scapular inclination leads to tightening of the superior capsule and stabilization of the humeral head (HH) in the glenoid [18] . The pattern of scapular movement in ASI tends to be upward rotation, anterior tilt, and excessive scapular IR as against a normal pattern of an upward and external rotation with a posterior tilt during shoulder elevation [19, 20] . The contribution of the different rotator cuff (RC) components is dependent on the position of the shoulder [21, 22, 23, 24] .The ''concavity-compression'' mechanism which is seen throughout the range of motion (ROM) is believed to produce a strong resistance to translation [21, 22, 23, 24, 25] . Finally, impaired proprioception is also considered as an important cause of ASI with studies demonstrating a positive correlation between the two [26, 27] .
Clinical assessment and imaging
The ASI classically affects the 20-30 year old age group of patients whose complaints may vary from non-specific activity-related pain to development of compensatory postures [28] . The apprehension test is positive and may be associated with pain [29] . Many patients also have the joint hypermobility syndrome by fulfilling the Brighton criteria [30] . Connective tissue disorders are another known cause of ASI [31] . Shoulder instability is clinically diagnosed by a multitude of tests [6, 29, 32, 33] . The most sensitive amongst them are the sulcus sign [1] (Fig.) , the loadand-shift test [32] ( Fig.) and the hyper abduction test [34] (Fig.) . A subgroup of patients, named as "habitual" dislocators, demonstrate voluntary instability of shoulder with abnormal mobility in external rotation (ER) (Fig.) . The ASI patients keep the shoulder in IR, which produces, either a secondary winging of the inferior medial tip of the scapula (type I dyskinesis) or of its entire border (type II dyskinesis) (Fig.) [7] . The drawer test [33] is positive in most of them ( Fig.) .
Imaging consists of standard plain radiographs which are generally normal. A multiplanar computed tomography scan is recommended if there is suspicion of a bony abnormality. Magnetic resonance imaging (MRI) is the gold standard to demonstrate ASI with MR arthrography (MR-A) considered to be even more sensitive in highlighting the labrum, rotator interval (RI), and glenohumeral ligaments (GHL) [15] (Fig.) . The most common finding in ASI has been a capacious capsule with a consequent increase in the GHJ volume and RI space. The MR-A done in specific positions of the shoulder such as in abduction/external rotation(ABER)can help in delineating certain signs such as the crescent sign and the triangle sign which are pathognomonic for ASI [35] . Studies have also reported that the glenoid size, HH radius, and GH index were found to be smaller in instability as compared to the healthy shoulders [36] .
Management

Non operative
Physiotherapy is routinely used as the initial treatment protocol for ASI [8, 37] . It is based on the premise that the strengthening of scapular and RC muscles would compensate for the instability of the shoulder [38, 39, 40] . While some studies did demonstrate positive results with non operative measures [8, 41] , others showed a relatively poor response to non-surgical treatment [42] . Further, the rehabilitation protocols have not been consistent in this group of patients [8, 43, 44] . None of these protocols have managed to show any high quality of evidence which could have helped the clinicians in treating ASI [59] . Improving muscle balance and proprioception by strengthening and closed chain exercises can help in achieving stability but none of the protocols have emphasized on this aspect further limiting its appeal. An ideal rehabilitation protocol must include a sequence of (i) correction of abnormal muscle patterns and posture, (ii) restitution of active scapular motion, and (iii) muscle training and strengthening [7] .
Surgical management
Surgery is recommended in case of failure of conservative management. The approach could be either open or arthroscopic even though the trend nowadays is arthroscopy. The types of surgery include anterior, posterior, and global plication. A surgical procedure such as capsular shift coupled with physiotherapy has shown better functional and kinematic results than non-operative treatment alone [46] .
Open technique
With the patient placed in the beach chair position adeltopectoral approach is used. Deeper dissection involves exposure of the conjoint tendon which is retracted medially. This is followed by the exposure of subscapularis (SSC) which can be split in multiple ways [47, 48, 49] . The capsule is exposed and incised using a T shaped incision along the humeral or the glenoid side [1, 50] . Inferior dissection allows adequate mobilization of the inferior capsule which is then rotated superiorly to obliterate the inferior recess. It is fixed with 2 non absorbable sutures. Complete obliteration of the recess risks the transection of the posterior band of the inferior GHL (IGHL), hence, is not advisable. The arm is kept in 45 degrees of abduction and neutral rotation as the sutures are being tightened. Finally, the superior flap is shifted down in the infero-lateral direction and sutured to the mobilized inferior flap with the arm in adduction and neutral rotation. The SSC defects are addressed by direct repair of the tendon and/or closure and imbrication of the RI [51] .
Arthroscopic plication
The patient is placed in a beach chair/ lateral decubitus position (approximately 30 degrees of abduction/15 degrees of forward flexion and a traction of 5 kg). The portal creation usually starts with a posterior portal which is about 2 cm inferior to the posterior acromial angle [52] followed by a anterosuperior (AS) portal. There are different ways of establishing this portal but the authors prefer the inside-out technique behind the biceps tendon [53] . The outside-in technique is used for the creation of the anteroinferior (AI) portal which is just above the SSC tendon [54] . A 6mm cannula and 8.5mm threaded cannula are introduced through the AS and AI portals respectively. Diagnostic arthroscopy from the posterior portal helps to examine the anterior capsule and labrum. It can also demonstrate apositive drive-through sign and a capacious axillary pouch in ASI. Conversely, the anteriorportal can identify the presence of a patulous posterior capsule with/without tears. The anterior portal is the working portal for anterior/anteroinferior repairs. If there are no labral tears, the capsule is initially abraded with a rasp, followed by the passage of a 45 degree suture passer. The suture is passed about one cm off the labrum The extent of capsular laxity determines the degree to which the tightening needs to be done with the knots being sliding and locking in nature. The evidence for a reinforcing RI closure is not clear [52, 55] . To assess and treat the posterior-inferior instability, the viewing portal is the anterior one and the working posterior. The location of the suture begins from the 6:30-o'clock position and then is directed along the superomedial direction similar to the anterior procedure. The sliding locking knots are backed up with three half stitches. The procedure is considered to be adequate if the HH is centered with respect to the glenoid. This procedure has been modified in multiple studies [55, 56, 57, 58, 59] . Cadaveric studies have also explained the relation between the amount of GHJ volume reduction and the configuration of the capsular plication sutures [60, 61] .
Post surgery rehabilitation
The postoperative regimens are similar in both the open and arthroscopic procedures. Immobilization in a shoulder orthosis is advised for 3-6 weeks with strict instructions to avoid active ER for 4-6 weeks in those patients with an additional labral repair [62] . An immobilization position of 10-20 degrees of ER and 30 degrees of abduction has been associated with a better functional improvement [63] . The therapist may allow gentle passive and active ROM in 90 -100 degree of elevation in the first4-6 weeks. The mobilization is gradually increased after 6 weeks with a target to achieve full motion by 10-12 weeks. Tissue stretching should be avoided as it may result in excessive humeral translation [62] . Isometric strengthening activities are started in the fourth week to maintain the bulk of the surrounding musculature. After 2 months an isotonic RC and scapular stabilizer strengthening program is begun to improve dynamic stability and neuromuscular control. At 3 months all patients are advised return to work and/or sports training, but competitive throwing, overloading and overhead sports are not allowed till 6-9 months post surgery [62] .
Results
The results of surgical treatment of ASI seem to partially deteriorate with time [10, 39, 50] . The critical event considered for achieving satisfactory results is the proper addressal of the pathoanatomy. The inferior capsular shift procedure was first described by Neer who found high satisfaction rates and very stable shoulder joints on follow up examination in most of his patients [1] . Numerous studies done after that have reported favourablemid term or long term outcomes on functional recovery, various scores and shoulder stability [10, 64, 65] . Post surgical studies on athletes have reported both positive [66, 67] as well as unsatisfactory [68] results on successful return to sporting activities at the top or pre-injury levels. The RI closure also leads to an improvement in both the static and the dynamic restraints which enhances the effect on the shoulder stability and function [69] . Despite the universal adoption of the arthroscopic practice, open procedures have shown good outcomes with an acceptable failure rate [70, 71, 72] . A recent systematic review comparing the open vs arthroscopic procedures demonstrated equivalent results with respect to instability recurrence, sporting return, loss of movements especially ER, and complications [73] . Thermal capsular shrinkage is another modality of treatment for ASI although its results have not been consistently good [74, 75, 76, 77] . A multicenter randomized clinical trial between ASI treated with arthroscopic electrothermalcapsulorrhaphy and open inferior capsular shift found no statistically or clinically significant differences at 2 years based on functional recovery and scores [76] . Also, one has to weigh in the potential negative effect on the proprioception that the thermal energy may exert through the receptors on the capsule.
Summary
ASI is a multifactorial condition whose predominant issue is capsular redundancy and it may or may not be associated with bony/labral/ muscular abnormalities. The RC and scapulothoracic muscle coordination and strength are poor in this group. Electromyography has demonstrated the imbalance in the activity level of different groups of muscles in many patients. The aim of conservative treatment is restoration of the muscle balance and strength; surgical options should be explored in patients with poor outcomes. The results of the surgery are good with high rates of patient satisfaction noted in most studies. Return to sports is still not highly satisfactory as the elite overhead sports men may struggle to reach the top level of performance. Patients with 'habitual' shoulder dislocations are a contraindication for surgery; in this group, a rehabilitation program correcting muscle patterns and scapular motion can achieve a satisfactory outcome.
